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Description 

The present invention relates to a process for preparing polymers by means of anionic polymerization. 
More particularly the present invention relates to a new method for the termination of such anionic 

5 polymerization reactions or for treating coupled reaction products of such polymerization reactions. 

It is previously known in the art to prepare polymers of anionically polymerizable monomers, especially 
monovinylidene aromatic monomers and alkadiene monomers via anionic polymerization. Highly useful 
polymers are prepared in the form of block copolymers containing one or more blocks of a monovinylidene 
aromatic polymer and one or more blocks of an alkadiene polymer. Suitably, such polymers are prepared in 

10 an organic solvent and are usefully employed in adhesive formulations, as modifiers for thermoplastic resins 
and asphalt or bituminous compositions or in solvent containing cements or mastic formulations. The 
polymers containing residual unsaturation may be hydrogenated if desired to produce products having 
improved weathering resistance. 

The initiators used in such anionic polymerizations are typically very strong bases. Examples are the 

75 alkali metal organyl compounds, particularly alkali metal alkyls, especially sodium and lithium alkyls. After 
polymerization is complete, the terminal monomer group of the living polymer anion must be terminated. 
Termination may occur through a coupling reaction by means of a coupling agent or, in the event a coupled 
compound is not desired, by the use of suitable proton donating agents such as an organic alcohol, 
ammonia, amines or even water to terminate the living anion. However, the remnant formed by this 

20 termination is itself a basic species. In the industrial preparation of polymers via anionic polymerization, 
especially the preparation of block copolymers of monovinylidene aromatic monomers and alkadienes, it is 
often desirable to include an antioxidant in the polymeric syrup to prevent oxidative and mechanical 
degradation of the polymer during devolatilization and finishing. However, many of the suitable antioxidants 
employed in such formulations are sensitive under basic conditions. That is, such antioxidants react with 

25 basic species thereby forming undesirable products. Alternatively under basic conditions the antioxidant 
may be inhibited in its ability to prevent oxidative degradation of the resulting polymer. 

Consequently, products which have been neutralized by the use of organic alcohols, especially such 
products further containing an antioxidant, have been found to be lacking in both color retention and in 
aging stability. Such polymeric products have, been found to change in melt viscosity after further 

30 mechanical and thermal treatment and to be marked by an absence of clarity as a result of increased haze. 
In addition such polymeric products tend to have increased yellowing. Also, physical properties, such as 
ultimate tensile strength, are adversely affected. 

In U.S. Patent 4,415,695 it is proposed to employ boric acid as a terminating agent in an anionic 
polymerisation. Disadvantageously when boric acid is employed as a terminating agent in the preparation of 

35 a block copolymer of a monovinylidene aromatic monomer and an alkadiene, the resulting product still 
possesses an undesirable change in melt viscosity upon thermal aging. 

US-A-2,543,440 discloses a process in which the reaction product of the anionic polymerization of 
conjugated dienes is contacted with a solution or mixture of water and a low molecular weight alcohol to 
which has been added a minor portion of an acid, preferably a mineral acid. In one embodiment of this 

40 processs the reaction product is first contacted with isopropanol and thereafter with an aqueous solution of 
sulfuric acid and sodium sulfate. 

GB-A-776,682 teaches treating the reaction product of the anionic polymerization of butadiene or 
copolymerization of butadiene and styrene with aqueous sulfuric acid containing more than 80 and lesss 
than 96% H2SO4 in an amount sufficient to convert the alkali metal compound quantitatively to its 

45 bisulphate. 

In accordance with WPIL No. 88-126,730, Derwent Publications, orthophosphoric acid having a con- 
centration of from 40 to 84 wt.% is added to the aforesaid reaction products, followed by centrifuging and/or 
extracting the metal salts formed with water. All the said prior art processes, though terminating the 
polymerization reaction effectively, do not yield a polymerizate with properties which are satisfactory in all 
50 respects. 

It would be desirable if there were provided an improved process for preparing polymers by means of 
anionic polymerization techniques employing a terminating agent which does not adversely affect the 
polymer properties, such as ultimate tensile strength. 

It would also be desirable if there were provided an improved technique for treating terminated reaction 
55 products prepared by anionic polymerization that allows for the preparation of polymers having improved 
clarity and other polymer properties. 

It would be desirable if there were provided an improved technique for treating coupled reaction 
products prepared by anionic polymerization that allows for the preparation of polymers having improved 
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clarity and other polymer properties. 

Finally, it would be desirable if there were provided adhesives containing as one component the 
improved block copolymers of monovinylidene aromatic monomers and alkadienes prepared according to 
the present invention. 

5 According to the present invention there is now provided a process for preparing polymers by means of 
the anionic polymerization of polymerizable monomers the steps of the process comprising: 

(a) contacting one or more anionically polymerizable monomers selected from monovinylidene aromatic 
monomers and alkadienes with a lithium containing initiator under anionic polymerization conditions; 

(b) terminating the polymerization by contacting the reaction mixture resulting from step (a) with a proton 
70 donating agent resulting in a lithium containing basic species; 

(c) neutralizing the lithium containing basic species by contacting the reaction mixture from step (b) with 
from 0.01 to 10 equivalents of phosphoric acid, based on the lithium containing initiator; and 

(d) recovering the resulting polymer. 

Also included within the scope of the present invention is a polymeric product prepared by anionic 

75 polymerization according to the foregoing techniques as well as formulated products such as adhesives 
prepared therefrom. In a particular embodiment such a polymerization product also contains residual 
quantities of a lithium compound which is the remnant of the polymerization initiator and an amount of 
phosphoric acid sufficient to neutralize the lithium compound. 

Processes for the anionic polymerization of monomers are well known in the art. Initial work utilizing 

20 sodium initiators such as sodium naphthalene (J. Amer. Chem. Soc, 78, 2656, 1956) was later followed by 
lithium containing initiators such as secondary butyllithium (U.S. Patents 3,321,635 and 3,265,765). More 
recent process improvements have led to precise control of the polymerization to produce polymers having 
a wide variety of physical properties. Examples include EP 210,677 which discloses an adiabatic poly- 
merization of styrene in cyclohexane followed by addition of butadiene monomer. Additional anionic 

25 techniques include hybrid Ziegler-Natta/anionic methods disclosed in USP 4,480,075; the use of Lewis 
bases to control diene vinyl content (USP 4,530,985); and various hydrogenation techniques to provide 
saturated polymeric products (USP 4,595,749, 4,035,445). 

In addition to monofunctional initiators such as the aforementioned lithium alkyls, there have been 
proposed certain difunctional lithium-containing initiators suitable for use in the direct preparation of block 

30 copolymers of dienes and monovinylidene aromatic monomers. Such difunctional initiators are disclosed in 
U.S. Patents 3,660,536; 3,776,893; 3,954,894; 4,172,190; 4,196,153; 4,200,718; 4,205,016; 4,431,777; 
4,427,837; and 4,614,768. Preferred difunctional initiators are, for example, 1 ,3-phenylene-bis(3-methyl-1- 
phenyl pentylidene)bis-lithium, the isomeric methylphenyl substituted derivatives such as 1 ,3-phenylene-bis- 
(3-methyM -(2-methylphenyl)-pentylidene, 1 ,3-phenylene bis(3-methyl-1-(4-methylphenyl)pentylidene, and 

35 mixtures thereof. 

Suitable monomers are those in the class of anionically polymerizable monomers such as alkadienes, 
monovinylidenes, alkyl acrylates, acrylamides, acrylonitrile, vinylsilanes, arylsilanes, vinylketones, vinyl- 
pyridines, isocyanates, diisocyanates, oxides such as ethylene oxide, lactams and siloxanes. 

Preferred polymerizable monomers for use according to the present invention include the well known 
40 alkadienes especially butadiene and isoprene, and monovinylidene aromatic monomers, especially styrene 
and a-methylstyrene as well as ring alkyl substituted derivatives thereof. A preferred monovinylidene 
aromatic monomer is styrene. 

The amount of phosphoric acid added according to the present invention should be sufficient to 
neutralize the polymer anion contained in the reaction mixture. Suitably the equivalent ratio of neutralizing 
45 agent added to the reaction mixture based on initial initiator added (i.e. the ratio of equivalents 
agent/equivalents initiator) is from 0.01 to 10.0, preferably from 0.75 to 2.00. After addition of the 
neutralizing agent, antioxidant package and additional optional ingredients, the solvent is removed by 
devolatilization or other suitable technique and the resulting polymer recovered. 

In accordance with the present invention the remnant initiator is first terminated according to conven- 
so tional techniques utilizing a proton donating terminating agent and the resulting basic species then 
neutralized. While it may be possible to obtain thorough incorporation of the phosphoric acid if the process 
is accomplished at the time of termination, acceptable results are obtained if the polymer product is 
blended with the neutralizing agent at a later time. Suitably the blending step may be accomplished by use 
of a ribbon blender, extruder, or other suitable malaxing device. Amounts of neutralizing additive incor- 
55 porated into the polymer generally are less than 1 .0 percent based on total polymer weight. 

As previously mentioned, antioxidants may be usefully incorporated in the present products. Suitable 
antioxidants include those compositions previously known and utilized in the art for antioxidant purposes. 
Examples include hindered phenolic, phosphite, phosphonite, or phosphate type antioxidants. Other ad- 
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ditives such as, for example, extrusion aids, UV light stabilizers and viscosity modifiers may be incorporated 
as desired. 

Formulated products are readily prepared from the products of the present invention as is well known in 
the art. For example, block copolymers of monovinylidene aromatic monomers and alkadienes are usefully 
5 combined with tackifiers such as hydrogenated terpenes, low molecular weight polypiperylidenes, and other 
suitable compounds to form an adhesive composition. 

Having described the invention the following examples are provided as further illustrative of the 
invention and are not to be construed as limiting. 

io Examples 1 to 6 

A five gallon (19 liters) lab reactor was charged with 12.1 kg of cyclohexane, 1.70 kg of isoprene and 
the solution was heated to a temperature of 45 °C. Then 19 g of a 0.0282 M/l cyclohexane solution of 1,3- 
phenylene-bis(3-methyl-1-phenylpentylidene)bis-lithium was added to the reaction solution to remove impu- 

75 rities. Next 380.6 g of the same 0.0282 M/l cyclohexane solution of the bis-lithium compound was added to 
initiate polymerization. After all the isoprene was polymerized and the reaction mixture had cooled to 60 
degrees, 276.4 g of styrene monomer were added to the reaction solution. After all the styrene monomer 
was polymerized, 1.84 g of neat isopropanol was added to the reaction solution. The resulting polymer 
syrup, containing a styrene-isoprene-styrene triblock copolymer, was then separated into portions for use in 

20 the neutralization and stabilization experiments.. Six approximately 1 liter portions of the above polymer 
syrup were weighed. The resulting polymer syrup was calculated to contain 2.01 x 10(-6) moles Li/g 
solution. 

The six portions were treated as follows. The amount of neutralizing agent used, if any, was calculated 
by assuming one mole basic species/mole Li. Phosphoric acid was treated as a one proton donor. Sulfuric 
25 acid was treated as a two proton donor. The acid concentrations were obtained from calculations based on 
reported acid purities, densities, and molecular weights. Then 0.3 weight percent of 2,2-bis[[3-[3,5-bis(1,1- 
dimethyl-ethyl)-4-hydroxyphenyl]-1 -oxopropoxy]methyl]-1 ,3-propanediyl 3,5-bis(1 ,1 -dimethylethyl)-4-hydrox- 
ybenzene propanoate (Irganox® 1010), and 0.3 weight percent of trisnonylphenyl phosphate stabilizer were 
added. 

30 

Devolatilization 

The neutralized and stabilized polymer syrups were devolatilized at 90 °C and at 8-25 psi (55-172 kPa) 
vacuum for 2.5 hr. The polymers are cooled under about 30 psi (207 kPa) vacuum for at least 1 hr. 

35 

Melt Viscosity Determinations 

Melt viscosity determinations were made using a conventional melt indexer. The melt index determina- 
tions were made at 200 *C with a 5 kg weight and a 2.1 mm x 8 mm die (ASTM-D1238, condition 200/5.0). 
40 The results are shown in Table 1 . 

Ultimate Tensile Measurements 

Strips of polymer cut from the devolatilized slab were compression molded and tensile specimens were 
45 die cut. The compression molding conditions were for 7.0 g sample in a 3" x 4.5" x 0.035" (76 mm x 114 
mm x 0.9 mm) chase. The press temperature was 200 * C. Samples were pre-heated for 3.0 minutes under 
approximately 2000 kg/cm 2 pressure. The samples were then cured for 3 minutes at 18000 kg/cm 2 pressure 
and then cooled to ambient temperature from 200 • C at a rate of 30-50 • C/min. The sample plaques were 
then die cut using a NAEF® stamping press with an ASTM D 1 822, type L die. Ultimate tensile strengths 
so were measured on a Monsanto T-10 tensometer. Special elastomeric grips were required to prevent cutting 
of the sample by the clamping surfaces. The thickness of the sample was recorded to 0.0001 " (0.0025 mm) 
using a micrometer and is inserted into the tensometer so as to attain a gauge length of 1.0" (2.54 cm). The 
samples were pulled at a cross head speed of 10 in/min (25.4 cm/min) and the tensile value was obtained 
at break. A summary of the data is contained in Table 1 . 

55 
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Roll Milling 

Portions of the devolatilized polymer slabs were roll milled twice for 3.5 minutes at 155" C at a gap 
width of 0.028" (0.71 mm). 

5 

Tests on Roll Milled Samples 

Melt index and in some cases ultimate tensile determinations were performed on the roll milled 
polymers. Melt index and tensile determinations followed the same procedure as for the previously 
10 disclosed slab materials. 

Color and Haze Tests 

A portion of the plaque made from roll milled polymer was tested for yellowness index and percent 
75 haze according to ASTM D 1925-70 and ASTM D 1003-61, respectively. A Hunterlab Inc. Tristimulus® 
colorimeter was used for both measurements. The instrument was standardized for diffuse transmittance. 
The data are located in Table I. 

TABLE I 



Percent Change After 
Roll Milling 

25 Example Neutralizer J^ e A low J, rans * 

Melt Ultimate 
Index a Tensile b 



Index c Haze c 



30 

A phosphoric 24* 6% 3-1 23* 

acid 



Compa- 
rative : 



2 


none 


35% 


32% 


3.2 


28% 


3 


stearic acid 


43% 




2.3 


22% 


H 


sulfuric 
acid 


m% 


15% 


2.0 


22% 


5" 


nitric 
acid 


61% 


48% 


3.5 


52% 


6 


hydrochloric 
acid 




40% 


5.0 


74% 



50 

a = ((Final MFR/Initial MFR)-1)*100 

b = (1-(Final Tensile/Initial Tensile) )*100 

c = Roll Milled Polymer 

55 

As may be seen by reference to Table I, the use of phosphoric acid to neutralize remnants of the 
lithium initiator resulted in a product having improved ultimate tensile strength after exposure to further 
processing conditions. 
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Example 7 

A five gallon (19 liters) reactor was charged with 12.5 kg of cyclohexane, 285 g of styrene, and the 
solution was heated to a temperature of 45 • C. Then 70 g of a 0.295 M/l cyclohexane solution of sec-butyl 

5 lithium was added to initiate polymerization. After all the styrene was polymerized and the reaction mixture 
had cooled to 45 *c, 1565 g of butadiene monomer was added to the reaction solution. After all the 
butadiene monomer was polymerized and the reactor was cooled to 45 *C, 285 g of styrene was added. 
After all the styrene was polymerized, about 2 ml of isopropanol was added to quench the reaction. The 
resulting polymer syrup, containing a styrene-butadiene-styrene triblock copolymer, was then separated into 

w portions for use in the neutralization and stabilization experiments. Two portions of approximately 2 liters of 
the above polymer syrup were weighed. The polymer syrup was calculated to contain 1.82 x 10~ 6 moles 
Li/g of solution. 

The two portions were treated as follows. To one sample of polymer syrup no phosphoric acid was 
added. Phosphoric acid was added to the other sample in a ratio of one mole of acid to one mole of lithium. 
75 The acid concentration was obtained from a calculation based upon the reported acid purity, density, and 
molecular weight. 0.5 Weight percent of Irganox® 565 and 0.5 weight percent of Irgafos® 168 were then 
added. Devolatilization, melt viscosity determination, ultimate tensile measurement, and color and haze tests 
were performed as in Examples 1 and 2. The total time of roll milling was 20 minutes for this study. The 
data from these tests are located in Table II. 

20 

TABLE II 



Example 


Acid Ratio to Li 


Percent Change After Roll Milling 


Yellow Index c 


Trans. Haze c 






Melt Index a 


Ultimate Tensile b 






Comparative 


0 


64 


41 


3.1 


13.3 


7 


1.0 


43 


15 


3.9 


13.4 



a = ((Final MFR/lnitial MFR)-1)*100 
30 b = (1 -(Final Tensile/Initial Tensile))*1 00 
c = Roll Milled Polymer 



Claims 

1. A process for preparing polymers by means of the anionic polymerization of polymerizable monomers, 
the steps of the process comprising: 

(a) contacting one or more anionically polymerizable monomers selected from monovinylidene 
aromatic monomers and aikadienes with a lithium containing initiator under anionic polymerization 
conditions; 

(b) terminating the polymerization by contacting the reaction mixture resulting from step (a) with a 
proton donating agent resulting in a lithium containing basic species; 

(c) neutralizing the lithium containing basic species by contacting the reaction mixture from step (b) 
with from 0.01 to 10 equivalents of phosphoric acid, based on the lithium containing initiator; and 

(d) recovering the resulting polymer. 

2. The process as claimed in claim 1 wherein the proton donating terminating agent is an alcohol, 
ammonia, an amine or water. 

3. The process as claimed in claim 1 or 2 wherein the amount of phosphoric acid added to the reaction 
mixture of step (a) is from 0.75 to 2.00 equivalents, based on the lithium containing initiator. 

4. The process as claimed in any of claims 1 to 3 wherein the monovinylidene aromatic monomer is 
styrene and the alkadiene is isoprene or butadiene.. 

5. An adhesive formulation comprising a polymer prepared according to the process of any of claims 1 to 
4. 
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Patentanspruche 

1. Verfahren zur Herstellung von Polymeren mittels anionischer Polymerisation von polymerisierbaren 
Monomeren, bei dem man 

5 (a) eines Oder mehrere anionisch polymerisierbare Monomere, ausgewMhlt aus der Gruppe, beste- 

hend aus monovinylidenaromatischen Monomeren und Alkadienen, mit einem Lithium enthaltenden 
Initiator unter den Bedingungen der anionischen Polymerisation in BerUhrung bringt; 
(b) die Polymerisation beendet, indem man das Reaktionsgemisch der Stufe (a) mit einem Protonen- 
donator in BerUhrung bringt, wodurch eine Lithium enthaltende basische Verbindung entsteht; 

w (c) die Lithium enthaltende basische Verbindung neutralisiert, indem man das Reaktionsgemisch der 

Stufe (b) mit 0,01 bis 10 Aquivalenten Phosphorsaure, bezogen auf den Lithium enthaltenden 
Initiator, in BerUhrung bringt; und 
(d) das entstandene Polymere isoliert. 

75 2. Verfahren nach Anspruch 1 , wobei der die Reaktion beendende Protonendonator ein Alkohol, Ammoni- 
ak, ein Amin Oder Wasser ist. 

3. Verfahren nach den Anspruchen 1 Oder 2, wobei die Menge der dem Reaktionsgemisch der Stufe (b) 
zugesetzten Phosphorsaure von 0,75 bis 2,00 Aquivalente, bezogen auf den Lithium enthaltenden 

20 Initiator, betragt. 

4. Verfahren nach jedem der AnsprOche 1 bis 3, wobei das monovinylidenaromatische Monomere Styrol 
und das Alkadien Butadien oder Isopren ist. 

25 5. Klebe- oder Haftmittel, enthaltend ein Polymeres, hergestellt nach einem der AnsprUche 1 bis 4. 

Revendications 

1- Procede pour preparer des polymeres au moyen d ? une polymerisation anionique de monom&res 
30 polym€risables, les Stapes du proced€ comprenant les operations consistant: 

(a) & mettre en contact un ou plusieurs monom&res anioniquement polymgrisables choisis parmi les 
monomfcres aromatiques monovinylid§ne et les alcadienes avec un initiateur contenant du lithium 
dans des conditions de polymerisation anionique; 

(b) h terminer la polymerisation en mettant en contact le melange reactionnel resultant de retape (a) 
35 avec un agent donneur de proton aboutissant & des espfcces basiques contenant du lithium; 

(c) & neutraliser les espfeces basiques contenant du lithium en mettant en contact le melange 
reactionnel de retape (b) avec de 0,01 & 10 equivalents d'acide phosphorique, par rapport a 
Tinitiateur contenant du lithium; et 

(d) a recup^rer le polymfere resultant. 

40 

2. Procede selon la revendication 1, dans lequel I'agent de terminaison donneur de proton est un alcool, 
de rammoniac, une amine ou de I'eau. 

3. Procede selon Tune des revendications 1 ou 2, dans lequel la quantity d'acide phosphorique ajoutee au 
45 melange reactionnel de retape (a) est de 0,75 a 2,00 equivalents, par rapport & Tinitiateur contenant du 

lithium. 

4. Procede selon Tune quelconque des revendications 1 & 3, dans lequel le monomere aromatique 
monovinylidene est le styrene, et ralcadifcne est I'isoprene ou le butadiene. 

50 

5. Formulation d'adhesif comprenant un polymere prepare selon le procede de Tune quelconque des 
revendications 1 & 4. 
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